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The terrible tragedies of science are the horrible murders of beautiful 
theories~by ugly facts .* 

Reports of my death are greatly exaggerated , 

- Mark Twain 


ABSTRACT 

The baryon symmetric big-bang cosmologies offer an 
explanation of the present photon-baryon ratio in 
the universe, the best present explanation of the 
diffuse rray background spectrum in the 1 -200 MeV 
range, and a mechanism for galaxy formation. In 
the context of an open universe model, the value 
of ft which best fits the present r^ay data is 
a « 0.1 which does not conflict with upper limits 
or. Comptonization distortion of the 3K background 
radiation. In regard to He production, evidence 
is discussed that nucleosynthesis of He may have 
taken place after the galaxies were formed. 

Keywords: Cosmology, Gamma-Ray Background, Anti- 
matter 


1 . INTRODUCTION 

Two distinct big-bang cosmologies exist at present 
in the literature. One Is the standard big-bang 
cosmology. In this cosmology, there existed at the 
beginning of the big-bang a slight excess of baryons 
over antibaryons with H- j-4 ^ 10 -10 . We shall 
therefore refer to this cosmology as the partially 
symmetric big-bang (PSBB). At present, there is 
no proposed explanation for such a broken symmetry 
on a universal scale, however, some speculation has 
been made in this regard (Ref. 1). 

The other cosmology, the baryon symmetric big-bang 
(BSBB), postulates equal amounts of matter and anti- 
matter, since baryons and antibaryons are always pro- 
duced In pairs In a hot radiation field in thermal 
equilibrium. In order that the whole universe should 
not have annihilated in a BSBB, remnant particles and 
antiparticles must ultimately be separated into re- 
gions of like material and this separation must ul- 
timately exist over regions the size of galaxy clus- 
ters (Refs. 2,3). Such a separation cannot have 

1 Paraphrase of a remark of T. H. Huxley by W. A. 

Fowler as oft quoted by G. Steigman. 


been the result of thermal fluctuations (Refs. 4-6). 
Thus, one may either postulate a separation as an 
initial condition on the big-bang (Refs. 7, 8) or 
try to show that some physical separation mechanism 
could arise naturally and explore its consequences 
(Ref. 9). Onriies' work on the BSBB has been re- 
ported in several papers and later reviewed (Ref. 
10). His demonstration of a possible separation 
mechanism has been supported in calculations by 
Aldrovandi and Caser (Ref. 11) and Cisneros (Ref. 
12 ). 

Basically, aside from physical symmetry considera- 
tions, there are three advantages which make the 
BSBB an attractive theory, (i) It provides possible 
physical explanation for the entropy per baryon In 
the universe (photo-baryon ratio), (2) it offers at 
present the only satisfactory explanation of the 
v-ray background radiation in the 1-100 MeV range 
(Refs. 2,13,14) and (3) it provides for a promising 
theory of galaxy formation from annihilation driven 
turbulence (Refs. 2,15) free of the serious prob- 
lems of radiation dissipation encountered in the 
standard PSBB cosmology (see, e.g.. Ref. 16). On 
the other hand, two serious points have arisen 
which have put BSBB cosmologies in question. 

These are (1) the nucleosynthesis question and (2) 
the question of distortions of the microwave black- 
body background radiation. We will thus address 
ourselves to these points and modify the previous 
discussion of Stecker, Morgan and Bredekamp (Ref. 

13) to provide a more satisfactory analysis in 
view of present data. 1 2 

2 Various other points have been made by Steigman 
(Ref. 22) in a review highly critical of BSBB 
cosmologies. However, some of these points are 
either erroneous or misleading while others are 
unimportant. Steigman's review will not be dis- 
cussed here further. For a rebuttal of some of 
these points, see Refs. 2 and 23. There remains 
the question as to the efficiency of the Omnes 
separation mechanism. We will take the view here 
that the physics and astrophysics of this ques- 
tion is not well enough known to further resolve 
the question and we therefore adopt BSBB as the 
starting point of further discussion. 
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Figure 1. Theoretical spectra (Ref. 21) and 
observational data on the y-ray 
background spectrum as discussed 
in the text. 
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2. THE y-m BACKGROUND 

Figure 1 shows the observational data on the r-rty 
background spectrum as compiled by Stacker, Puget 
and Bredekamp (Ref. 13) and Stacker (Ref. 14) and 
updated with the revised Apollo data (AP) of Trombka 
et al. (Ref. 17). Data of Makino (Ref. 13) are not 
shown, but are in agreement with other data shown. 
The dashed line marked X Is an extrapolation of 
data from the X-ray range of Mazets et al (Ref. 12). 
A theoretical estimate of the galactic contribution 
to the high latitude flux at high energy as calcula- 
ted by Stecker (Refs. 20. 21) is also shown. The 
galactic component has the effect of making the 
total spectrum (T) appear fleeter. This has also 
been pointed out by Schl icieiser and Thielheim 
(Ref. 24). 3 

The theoretical curve marked "annihilation" is the 
annihilation t-ray spectrum calculated using the 
method of Stecker, Morgan and Bredekamp (Ref. 13) 
using a mean universal gas density n 0 * 3 x 10* 7 
cm' 3 (Ref. 21). With a Hubble constant H 0 "50 kra/s/ 
Npc, this corresponds to a value of r^O.l where n 
is the ratio of the mass of the universe to the 
mass needed to gravitationally close the universe. 

The density n 0 adopted here fits the more recent 
revised Apollo data (Ref. 17) better than the value 
n 0 = 10" 5 cm* 3 used by Stecker, Morgan and 
Bredekamp (Ref. 13) corresponding to a - 1 with 
Hn - 100/km/s/Mpc. This is because the newer data 
show a less pronounced shelf near 1 MeV, such a 
feature being an absorption effect which becomes 
more pronounced in a higher density universe (Ref. 
25). The position of the shelf Is also shifted to 
somewhat lower energy because the universe in this 
case, being less dense, becomes opaque at a some- 
what higher redshift. 

It is interesting to note that the values H 0 ■ 

50 km/s/Mpc, u ■ 0.1 are sore in line with present 
observational evidence regarding these parameters 
(Ref. 26) and eliminate the problem of annihilation 
producing so much distortion in the microwave black- 
body spectrum as to be in conflict with the obser- 
vations (see Section 3). In particular Gott 
and Turner (Ref. 26) estimate that the mass In 
galaxies gives fig * 0.08 and that although n > ng, 

n G 3 

Other attempts have recently been made to account 
for the background radiation at E >_ 100 MeV as be- 
ing due to radiation from the galactic halo or from 
external galaxies (Refs. 27, 28). It should, how- 
ever, be noted that spectra from these processes are 
too flat to account for the shape of the spectrum 
between 1 and 100 MeV. The Compton spectrum from 
the halo was first calculated by Felten and Morrison 
(Ref. 29) and is roughly expected to be -v E" z or 
flatter. Spectra from external galaxies should be 
similar to that of our own, which according to 
Fichtel et al. (Ref. 30) has a spectrum ^ E* 1 - 6 ! 0 - 2 . 


3 ‘A recent analysis of the latitude distribution of 

the y*ray data above and below 1(XJ FteV, discussed 
by C. E. Fichtel at the April 1977 meeting of the 

American Physical Society, supports the model pre- 

sented in Figure 1 with the galactic component 
dominating at the higher energies and an E-* extra- 
galactic component dominating at the lower 

energies. 


Another recent suggestion by riocchla, Ducros, and 
Goffet (Ref. 31) has recently proposed an explana- 
tion of the X- and v-ray background as due to ex- 
tragalactlc point sources at low redshifts. This 
explanation requires that, in order to fit the 
spectrum below 10 MeV, the spectral index r must 
be r<2 In the 10-100 MeV range, with more y-rays 
predicted at 100 MeV than observed. The observa- 
tions Imply r «■ 3 In the 10-100 MeV range. In 
addition, these authors have not demonstrated 
sufficient sources to explain the Intensity of 
the Y-ray background or the existence of even one 
source with the required spectral characteristics. 

Page and Hawking (Ref. 32) have pointed out that 
observations of the fray background place an upper 
limit on the number of small black holes in the 
universe. Here again, the predicted spectrum from 
this process does not match the observed spectrum. 

Earlier suggestions of alternate explanations of 
the Y-fay background observations meet similar 
difficulties and they have been previously discussed 
in Ref. 14. 

The annihilation hypothesis in the BSBB, yielding a 
spectrum which goes roughly as E" 3 at high energies, 
thus appears at present to be the only theoretical 
process capable of producing as steep a spectrum as 
that Indicated by the observations with the excep- 
tion of the primodial cosmic-ray hypothesis (Refs. 
33, 34). However, the latter hypothesis appears 
now to give too flat a spectrum in the region near 
1 MeV and it also faces other objections (Ref. 14). 
We thus conclude that when the r»*ay background 
spectrum over the entire energy range (1-Z0fl MeV) 
is considered (rather than simply the integral flux 
above 100 MeV), one finds observational support for 
the BSBB cosmology. 

3. DISTORTION OF THE BIACKBODY 
BACKGROUND SPECTRUM 

There are two types of distortion of the blackbody 
background radiation associated with baryon sym- 
metric cosmologies (1) distortion due to bremsstrah- 
lung radiation of electrons of higher temperature 
than the blackbody radiation which affects the 
Rayleigh- Jeans part of the spectrum and (2) dis- 
tortion from Thomson interactions after the decoup- 
ling epoch which affects the Weln part of the spec- 
trum (see, e.g.. Ref. 35 and references therein). 

The Rayleigh-Oeans part of the spectrum is affected 
by annihilation taking place at redshifts 
*2 x 10 s <_i <_^3 x 10 7 (10“** « T < TO" 2 MeV) and It Is 
difficult to determine the precise amount of anni- 
hilation to expect at this remote period; It de- 
pends on the details of the coalescence process. 
Indeed, extrapolation of the Y-ray data would indi- 
cate that possibly as much as 99.999% of the anni- 
hilation may have been accomplished by this epoch 
whereas the calculations of Illiaronov and Sunyaev 
(Ref. 36) would put a lower limit of 96.5-99% on 
this value. For the specific coalescence model of 
Aldrovandi, et al. (Ref. 37), Ramani and Puget 
(Ref. 38) have calculated too much distortion in 
the Rayleigh-Jeans region unless 0^0.01. 

The high frequency distortion, sometimes referred 
to as Comptonl ration, has been treated in Refs. 38- 
41. Refs. 39 and 40 conclude that the high 
frequency distortion predicted by the model of 
Stecker and Puget (Ref. 2) is not in conflict with 
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the observations. Refs. 38 and 41 place limits on 
the value of a allowed by requiring no conflict with 
the observations. 

The parameter characterizing Comptonization dis- 
tortion Is defined as 



where <fe(z) Is the energy density dissipated at red- 
shift z due to annihilation, (z) Is the energy 
density of the radiation at retfshlft z and z*h is 
the redshift above which complete thermal ization 
can take place (2th = 3.5 x 10 4 sr** for +l 0 ■ 
50/km/s/Mpc). Ramanl and Puget (Ref. 38) conclude 
that the presently proposed coalescence mechanisms 
are so Inefficient as to yield 

y > 0.7 fl 7 /“ (2) 

Field and Perrenod (Ref. 42) have made a x 2 analysis 
of the present observational data on the high fre- 
quency side of the blackbody curve and conclude 
that within 90S confidence limits 

1.3 x 10* 2 <y <5 x TO- 2 (3) 

It would follow then from (2) and (3), that accord- 
ing to the analysis of Ramanl and Puget (Ref. 38), 
only for open universes with n <0.22 will there be 
no conflict with the observations. 

Jones and Steigman (Ref. 41) conclude that for the 
coalescence model of Aldrovandi et al. (Ref. 37) 

y * - v 8Ci " ' 3 (H„ = 50 km/s/Mpc) (4) 

z rec 

where the redshift for recombination z rap for the 
BSBB is % 600 (Ref. 2). ec 

It then follows from (2) and (4) that values of 
ft <2 are allowed by the observations. Thus, only 
the calculations of Ref. 38 require an open model 
(fl^O.22). The value of ft = 0.1 used In Figure 1 
to fit the rray observations is therefore not in 
obvious conflict with any of the Comptonlzation 
distortion calculations In the literature. 

4. NUCLEOSYNTHESIS 

It has been concluded that within the context of 
the Qmnes coalescence model, nucleosynthesis cannot 
take place in the BSBB (Refs. 43, 44). This is 
because at the time nucleosynthesis would occur 
the mean size of the regions of matter and anti- 
matter resulting from the coalescence process con- 
sidered by ftimes is smaller than the neutron dif- 
fusion length for escape from these regions. Thus, 
the neutrons would be annihilated before they can 
participate in the nucleosynthesis process. There 
are, of course, two ways out of this difficulty. 

(1) Due to some mere efficient, as yet unknown, 
coalescence process, or as a result of initial con- 
ditions (Ref. 7, 8), the size of the separate re- 
gions of matter and antimatter Is larger than the 
neutron diffusion length. Combes et al. (Ref. 44) 
find the required condition to be that the region 
size $ 1.5 x 10 8 cm at a time corresponding to Tge * 
1 MeV. (2) Nucleosynthesis did not take place in 
the big bang, but rather took place in "little 


bangs" early In the life of galaxies (Ref. 45). 

Optical observations of the relative abundance of 
He in various external galaxies have indicated a 
significant variation in the abundance which would 
not be expected If the He was produced uniformly 
in the big-bang (Ref. 46). 

5. ANTINUCLEUS 

The presence of antiprotons in the cosmic radia- 
tion would not necessarily support the BSBB cos- 
mology since antiprotons can be produced as sec- 
ondary oarticles in cosmic-ray interactions (see, 
e.g. Ref. 47). However, the presence of an anti- 
nucleus in the cosmic radiation would give strong 
support to the BSBB. Therefore, it is of interest 
to note that a heavy antinucleus may have recently 
been detected (Ref. 48). 

6. DISCUSSION 

The baryon syimetric big-bang cosmologies (BSBB) 
requiring no postulated symmetry in baryon number 
versus anti baryon number, offer several advantages 
over the standard, partially symmetric (PSBB) cos- 
mologies. The BSBB models offer an explanation of 
the present photon-baryon ratio in the universe, 
the best present explanation of the diffuse rray 
background spectrum and a mechanism for galaxy 
formation. In the context of an ooen universe 
model, the value of ft which best fits the y-ray 
data is ft ~ 0.1. A BSBB cosmology with ft = 0.1 
will not be in conflict with the observational 
uoper limits on Comptonization distortion of the 
blackbody background radiation. Nucleosynthesis 
of He in the early stages of the BSBB may not be 
possible within the context of our present under- 
standing of the coalescence mechanisms, however, 
evidence is discussed that nucleosynthesis of He 
may have taken place after galaxies were formed. 

In short, the problems associated with BSBB cos- 
mology appear to be no more serious than those 
associated with standard PSBB cosmology, e.g., 
galaxy formation is difficult to understand in the 
context of the standard model . A theory of BSBB 
cosmo’ogy is far from complete but its potential 
advantages over the standard model offer, in the 
words of Martin Rees (Ref. 49) "... an attractive 
enough goal to justify and motivate further dwelop- 
ment of these ideas." 

It is regrettable that modern scientific cosmology 
has sometimes led to the dogmatism typical of the 
ancient cosmological schemes. The fact that we 
have so few observational facts regardinq the early 
universe should remind us of freedom from restric- 
tions which we presently have in considering new 
and potentially fruitful points of view. It is 
hoped that others will be encouraged to further 
explore and develop the baryon symmetric big-bang 
cosmology. 

There are more things in heaven and earth 
Horatio than are dreamt of in your philosophy. 

- Shakespeare (Hamlet) 
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